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(57) ABSTRACT

A control device of a vehicle drive device includes an engine
having a supercharger and an automatic transmission output-
ting power of the engine to drive wheels. When an upshift of
the automatic transmission is performed by executing an
acceleration operation, if a progress status of a supercharging
pressure increase in a supercharger pressure increasing pro-
cess by the supercharger is a status in an initial period of the
increasing process, a supercharging pressure increase degree
before start of an inertia phase of the upshift is made smaller
than a supercharging pressure increase degree after a prede-
termined timing subsequent to the start of the inertia phase,
while if the progress status of the supercharging pressure
increase is a status in an ending period of the increasing
process, the supercharging pressure increase degree before
the start of the inertia phase is made larger than the super-
charging pressure increase degree after the predetermined
timing.

(Continued) 6 Claims, 11 Drawing Sheets
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CONTROL UNIT FOR VEHICLE DRIVING
DEVICE

TECHNICAL FIELD

The present invention relates to a technique of improving
drivability in a vehicle including an engine with a super-
charger and an automatic transmission.

BACKGROUND ART

A control device of a vehicle drive device including an
engine with a supercharger and an automatic transmission is
conventionally well known. For example, this corresponds to
a shift control device of Patent Document 1. The shift control
device inhibits an upshift of the automatic transmission while
a detected supercharging pressure is equal to or less than a
supercharging pressure target value and performs the upshift
after delaying the upshift until the supercharging pressure
increases.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Laid-Open Patent Publication
No. 2-197431

Patent Document 2: Japanese Laid-Open Patent Publication
No. 9-144572

Patent Document 3: Japanese Laid-Open Patent Publication
No. 2010-255586

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, when a current supercharging state is in an initial
period of a start of supercharging, for example, when a cur-
rent supercharging pressure is considerably lower than the
supercharging pressure target value, if the upshift is per-
formed after waiting for an increase in supercharging pres-
sure, a delay width of delaying the upshift becomes exces-
sively large, which may deteriorate drivability. Such a
problem is unknown.

The present invention was conceived in view of the situa-
tions and it is therefore an object of the present invention to
provide a control device of a vehicle drive device capable of
improving drivability in a vehicle drive device including an
engine with a supercharger and an automatic transmission.

Means for Solving the Problem

To achieve the object, the first aspect of the invention
provides (a) a control device of a vehicle drive device includ-
ing an engine having a supercharger and an automatic trans-
mission outputting power of the engine to drive wheels, char-
acterized in that (b) when an upshift of the automatic
transmission is performed by executing an acceleration
operation, if a progress status of a supercharging pressure
increase in a supercharger pressure increasing process by the
supercharger is a status in an initial period of the increasing
process, a supercharging pressure increase degree before start
of an inertia phase of the upshift is made smaller than a
supercharging pressure increase degree after a predetermined
timing subsequent to the start of the inertia phase, while if the
progress status of the supercharging pressure increase is a
status in an ending period of the increasing process, the super-
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charging pressure increase degree before the start of the iner-
tia phase is made larger than the supercharging pressure
increase degree after the predetermined timing.

Effects of the Invention

Consequently, a shift shock can be suppressed that may
occur because of overlap between torque variation of the
engine due to an increase in the supercharging pressure and a
shift operation of the automatic transmission. Since the ter-
mination of the upshift is not delayed when the progress status
of'the supercharging pressure increase is a status in the initial
period of the increasing process, an excessive delay of the
termination of the upshift is avoided. As a result, drivability
can be improved.

The second aspect of the invention provides the control
device of a vehicle drive device recited in the first aspect of the
invention, wherein if the progress status of the supercharging
pressure increase is a status in the ending period of the
increasing process, the inertia phase of the upshift is started
after end of the supercharging pressure increase. Conse-
quently, the overlap can be avoided with high certainty
between torque variation of the engine due to an increase in
the supercharging pressure and a shift operation of the auto-
matic transmission. Thus, the shift shock is easily suppressed.

The third aspect of the invention provides the control
device of a vehicle drive device recited in the first or second
aspect of the invention, wherein (a) the predetermined timing
is a time of termination of the upshift, wherein (b) if the
progress status of the supercharging pressure increase is a
status in the initial period of the increasing process, the super-
charging pressure increase degree before the predetermined
timing is made smaller than the supercharging pressure
increase degree after the predetermined timing. Conse-
quently, the overlap can be avoided with high certainty
between torque variation of the engine due to an increase in
the supercharging pressure and a shift operation of the auto-
matic transmission. Thus, the shift shock is easily suppressed.

The fourth aspect of the invention provides the control
device of a vehicle drive device recited in any one of the first
to third aspects of the invention, wherein (a) the supercharg-
ing pressure is increased toward a predefined supercharging
pressure target value, and wherein (b) a case when the
progress status of the supercharging pressure increase is a
status in the initial period of the increasing process, is a case
when a deviation amount of the supercharging pressure from
the supercharging pressure target value is larger while the
supercharging pressure increase degree is smaller, as com-
pared to when the progress status of the supercharging pres-
sure increase is a status in the ending period of the increasing
process. Consequently, whether the progress status of the
supercharging pressure increase is a status in the initial period
and whether the progress status of the supercharging pressure
increase is a status in the ending period can easily be decided
by detecting the supercharging pressure.

The fifth aspect of the invention provides the control device
of'a vehicle drive device recited in any one of'the first to fourth
aspects of the invention, wherein (a) when a downshift of the
automatic transmission is performed by executing the accel-
eration operation, progress of the supercharging pressure
increase is suppressed from before start of an inertia phase of
the downshift, and wherein (b) contents of control of sup-
pressing the progress of the supercharging pressure increase
are switched depending on a progress status of a supercharg-
ing pressure increase before the start of the inertia phase.



US 9,194,312 B2

3

Consequently, the progress of the supercharging pressure
increase can be suppressed without excess or shortage so asto
restrain the shift shock.

The sixth aspect of the invention provides the control
device of a vehicle drive device recited in the fifth aspect of
the invention, wherein when a downshift of the automatic
transmission is performed by executing the acceleration
operation, and progress of the supercharging pressure
increase is suppressed, suppression of the progress is can-
celled after termination of the downshift. Consequently, the
overlap can be avoided with high certainty between torque
variation of the engine due to an increase in the supercharging
pressure and a shift operation of the automatic transmission.
Thus, the shift shock is easily suppressed.

Preferably, if the progress of the supercharging pressure
increase is suppressed when the downshift of the automatic
transmission is performed by executing the acceleration
operation, a period of suppressing the progress of the super-
charging pressure increase is made longer when a change
width of the shift ratio is larger between before and after the
downshift.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic for explaining a configuration of a
vehicle drive device included in a vehicle to which the present
invention is preferably applied.

FIG. 2 is an operation table for explaining an operation
state of engagement elements when a plurality of shift stages
(gear stages) is established in an automatic transmission
included in the vehicle drive device of FIG. 1.

FIG. 3 is a diagram of exemplary illustration of signals
input to an electronic control device for controlling the
vehicle drive device of FIG. 1 and is a functional block dia-
gram of the first example for explaining a main portion of a
control function included in the electronic control device.

FIG. 4 is a flowchart of the first example for explaining a
main portion of a control operation of the electronic control
device of FIG. 3, i.e.,, a flowchart for explaining a control
operation of adjusting a temporal relative relationship
between progress of an supercharging pressure increase and
an inertia phase start timing of an upshift when a power-on
upshift is performed.

FIG. 5 is a first time chart for explaining the flowchart of
FIG. 4 in the firstexample, i.e., a time chart for explaining first
supercharging pressure increase progress suppression control
by taking as an example the case of performing the power-on
upshift from an “n”th speed to an “n+1"th speed.

FIG. 6 is a second time chart for explaining the flowchart of
FIG. 4 in the first example, i.e., a time chart for explaining
upshift delay control by taking as an example the case of
performing the power-on upshift from an “n”th speed to an
“n+1”th speed.

FIG. 7 is a diagram of exemplary illustration of signals
input to the electronic control device for controlling the
vehicle drive device of FIG. 1 and is a functional block dia-
gram of the second and third examples for explaining the
main portion of a control function included in the electronic
control device.

FIG. 8 is a flowchart of the second example for explaining
a main portion of a control operation of the electronic control
device of FIG. 7, i.e., a flowchart for explaining a control
operation of providing second supercharging pressure
increase progress suppression control when a power-on
downshift is performed.

FIG. 9 is a time chart for explaining the flowchart of FIG.
8 in the second example, i.e., a time chart for explaining the
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second supercharging pressure increase progress suppression
control by taking as an example the case of performing the
power-on downshift from an “n”th speed to an “n-1"th speed.

FIG. 10 is a flowchart of the third example for explaining a
main portion of the control operation of the electronic control
device of FIG. 7, i.e., a flowchart for explaining a control
operation of providing third supercharging pressure increase
progress suppression control when a power-on downshift is
performed.

FIG. 11 is a time chart for explaining the flowchart of FIG.
10 in the third example, i.e., a time chart for explaining the
third supercharging pressure increase progress suppression
control by taking as an example the case of performing the
same power-on downshift as the time chart of FIG. 9.

FIG. 12 is a diagram of exemplary illustration of a flow-
chart combining the flow chart of FIG. 8 and the flow chart of
FIG. 10 with each other.

MODE FOR CARRYING OUT THE INVENTION

Examples of the present invention will now be described in
detail with reference to the drawings.

First Example

FIG. 1 is a schematic for explaining a configuration of a
vehicle drive device 7 included in a vehicle 6 to which the
present invention is preferably applied. The vehicle 6
includes the vehicle drive device 7, a pair of drive wheels 38,
etc., and the vehicle drive device 7 includes a vehicle power
transmission device 8 (hereinafter referred to as a “power
transmission device 8”) and an engine 10. The power trans-
mission device 8 is interposed between the engine 10 and the
drive wheels 38 and includes an automatic transmission 12
and a torque converter 14 coupled to an output shaft 13 of the
engine 10 and interposed between the engine 10 and the
automatic transmission 12. The power transmission device 8
is preferably used in an FF vehicle in which the power trans-
mission device 8 is equipped in the lateral direction of (trans-
versely mounted on) the vehicle 6 (see FIG. 3).

The automatic transmission 12 makes up a portion of a
power transmission path from the engine 10 to the drive
wheels 38 (see FIG. 3) and outputs power of the engine 10
toward the drive wheels 38. Therefore, the power of the
engine 10 input to a transmission input shaft 26 is output from
an output gear 28 toward the drive wheels 38. The automatic
transmission 12 is a stepped transmission including a plural-
ity of planetary gear devices 16, 20, 22, a plurality of hydrau-
lic friction engagement devices (clutches C and brakes B), or
specifically, five hydraulic friction engagement devices (Cl1,
C2, B1, B2, B3), and a one-way clutch F1, and selectively
establishing a plurality of shift stages (gear stages) by switch-
ing any of the multiple hydraulic friction engagement devices
to be gripped. For example, the automatic transmission 12
performs a shift in accordance with a relationship (shift dia-
gram) set in advance based on a vehicle state represented by
a vehicle speed V and an accelerator opening degree Acc. In
short, the automatic transmission 12 is a stepped transmission
performing a so-called clutch-to-clutch shift frequently used
in typical vehicles. Specifically, the first planetary gear device
16 of the automatic transmission 12 is of a single pinion type
and includes a first sun gear S1, a first pinion gear P1, a first
carrier CAl, and a first ring gear R1. The second planetary
gear device 20 is of a double pinion type and includes a
second sun gear S2, a second pinion gear P2, a third pinion
gear P3, a second carrier CA2, and a second ring gear R2. The
third planetary gear device 22 is of a single pinion type and
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includes a third sun gear S3, the third pinion gear P3, a third
carrier CA3, and a third ring gear R3. The second planetary
gear device 20 and the third planetary gear device 22 are
formed as a Ravigneaux type planetary gear train with the
second and third ring gears R2 and R3 made up of a common
member and the third pinion gear P3 of the third planetary
gear device 22 used also as one of the pinion gears of the
second planetary gear device 20. As can be seen from FIG. 1,
the transmission input shaft 26 acting as an input rotating
member of the automatic transmission 12 is a turbine shaft of
the torque converter 14. The output gear 28 acting as an output
rotating member of the automatic transmission 12 functions
as a differential drive gear meshed with a differential driven
gear (large diameter gear) 34 of a differential gear device 32
(see FIG. 3). An output of the engine 10 is transmitted through
the torque converter 14, the automatic transmission 12, the
differential gear device 32, and a pair of axles 36 to the pair of
the drive wheels (front wheels) 38 (see FIG. 3). The automatic
transmission 12 is substantially symmetrically configured
relative to a center line and the lower half from the center line
is not depicted in FIG. 1.

FIG. 2 is an operation table for explaining an operation
state of engagement elements when a plurality of shift stages
(gear stages) is established in the automatic transmission 12.
The operation table of FIG. 2 summarizes a relationship
between the shift stages and the operation state of the clutches
C1, C2, and the brakes B1 to B3 with “circles” indicative of
engagement, a “double circle” indicative of engagement only
during engine brake, and a “triangle” indicative of engage-
ment only during drive. As depicted in FIG. 2, the automatic
transmission 12 has six forward shift stages from a first speed
gear stage “1st” to a sixth speed gear stage “6th” and a reverse
shift stage of a reverse shift stage “R” established depending
on the operation state of the engagement clements (the
clutches C1, C2, and the brakes B1 to B3). Since the one-way
clutch F1 is disposed in parallel with the brake B2 establish-
ing the first shift stage “1st”, the brake B2 may not necessarily
be engaged at startup (at the time of acceleration). A shift ratio
yat of the automatic transmission 12 is calculated based on an
input rotation speed Nin that is a rotation speed Nin of the
transmission input shaft 26 and an output rotation speed Nout
that is a rotation speed Nout of the output gear 28 from an
equation “shift ratio yat=input rotation speed Nin/output rota-
tion speed Nout”.

The clutches C1, C2, and the brakes B1 to B3 (hereinafter
simply referred to as clutches C and brakes B if not particu-
larly distinguished) are hydraulic friction engagement
devices subjected to engagement control by hydraulic actua-
tors, such as multiplate clutches and brakes, and have
engaged and released states switched, and transient oil pres-
sures at the time of engagement and release controlled, by
excitation/non-excitation and current control of a linear sole-
noid valve disposed in a hydraulic control circuit 40 (see FIG.
1).

The torque converter 14 includes a pump impeller 14a
coupled to the output shaft (crankshaft) 13 of'the engine 10, a
turbine impeller 145 coupled to the transmission input shaft
26 of the automatic transmission 12, and a stator impeller 14¢
coupled via the one-way clutch to a housing (transmission
case) 30 of the automatic transmission 12 and is a fluid trans-
mission device transmitting drive force generated by the
engine 10 through fluid to the automatic transmission 12. A
lockup clutch 46 is a direct clutch disposed between the pump
impeller 144 and the turbine impeller 144 and is put into an
engaged state, a slip state, or a released state through hydrau-
lic control etc. The lockup clutch 46 is put into an engaged

20

25

40

45

50

55

6

state, or strictly, a completely engaged state, to integrally
rotate the pump impeller 144 and the turbine impeller 144.

The engine 10 is an internal combustion engine such as a
diesel engine or a gasoline engine, and includes a super-
charger 54. The supercharger 54 is disposed in an intake
system of the engine 10 and is a known exhaust turbine
supercharger, i.e., a turbocharger, rotationally driven by
exhaust of the engine 10 to pressurize intake air of the engine
10. Specifically, as depicted in FIG. 1, the supercharger 54
includes an exhaust turbine wheel 58 disposed in an exhaust
pipe 56 of the engine 10 and rotationally driven by exhaust of
the engine 10, an intake compressor wheel 62 disposed in an
intake pipe 60 of the engine 10 and rotated by the exhaust
turbine wheel 58 to compress intake air of the engine 10, and
a rotation shaft 64 coupling the exhaust turbine wheel 58 and
the intake compressor wheel 62. When the exhaust of the
engine 10 sufficient for driving the supercharger 54 is led to
the exhaust turbine wheel 58, the engine 10 operates in a
supercharged state in which the engine 10 is supercharged by
the supercharger 54. On the other hand, if the exhaust of the
engine 10 led to the exhaust turbine wheel 58 is insufficient
for driving the supercharger 54, the supercharger 54 is almost
not driven and the engine 10 operates in a state of supercharg-
ing suppressed as compared to the supercharged state, i.e., a
natural aspiration state (also referred to as NA state), which is
a state of intake air equivalent to a natural aspirated engine
without the supercharger 54.

Additionally, an exhaust bypass path 66 is disposed in
parallel with an exhaust path in which the exhaust turbine
wheel 58 in the exhaust pipe 56 is disposed, and a waste gate
valve 68 is disposed that opens and closes the exhaust bypass
path 66. The waste gate valve 68 has an opening degree Owg
of the waste gate valve 68 made continuously adjustable
(hereinafter referred to as a waste gate valve opening degree
Bwg), and an electronic control device 52 controls an electric
actuator 70 to continuously open and close the waste gate
valve 68 by utilizing pressure in the intake pipe 60. For
example, when the waste gate valve opening degree Owg is
larger, the exhaust of the engine 10 is more easily discharged
through the exhaust bypass path 66 and, therefore, in the
supercharged state of the engine 10, a downstream air pres-
sure PLin ofthe intake compressor wheel 62 in the intake pipe
60, i.e., a supercharging pressure Pcmout (=PLin) of the
supercharger 54, becomes lower when the waste gate valve
opening degree Owg is larger. Therefore, the waste gate valve
68 acts as a supercharging pressure adjusting device adjusting
the supercharging pressure Pcmout. As is generally known,
the supercharging pressure Pcmout of the supercharger 54
becomes lower when an opening degree 0th of an electronic
throttle valve 72, i.e., a throttle opening degree 6th, is smaller
in the supercharged state of the engine 10. The electronic
throttle valve 72 is a valve mechanism disposed downstream
side of the intake compressor wheel 62 in the intake pipe 60 of
the engine 10 to adjust an intake air amount of the engine 10
and is actuated to open/close by an electric throttle actuator
94. Unless otherwise noted, the waste gate valve 68 is
assumed to be in a completely closed state in the description
of' this example.

FIG. 3 is a diagram of exemplary illustration of signals
input to the electronic control device 52 acting as a control
device for controlling the vehicle drive device 7 of this
example and is a functional block diagram for explaining a
main portion of a control function included in the electronic
control device 52. The electronic control device 52 includes a
so-called microcomputer and executes signal processes in
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accordance with programs stored in advance to provide
vehicle control related to the engine 10 and the automatic
transmission 12.

The electronic control device 52 is supplied, from sensors,
switches, etc. as depicted in FIG. 3, with a signal indicative of
a throttle opening degree 0th of the engine 10 detected by a
throttle opening degree sensor 74, a signal indicative of an
upstream air pressure PHin of the intake compressor wheel 62
in the intake pipe 60 detected by a first intake sensor 76, a
signal indicative of the downstream air pressure PLin (=su-
percharging pressure Pcmout) of the intake compressor
wheel 62 in the intake pipe 60 detected by a second intake
sensor (supercharging pressure sensor) 78, a signal indicative
of'an engine rotation speed Ne detected by an engine rotation
speed sensor 84, a signal indicative of arotation speed Nout of
the output gear 28 detected by an output rotation speed sensor
86, a signal from an accelerator opening degree sensor 90
indicative of the accelerator opening degree Acc that is an
operation amount of an accelerator pedal 88 corresponding to
a request output of a driver, a signal from a turbine rotation
speed sensor 92 indicative of a rotation speed Nt of the turbine
impeller 145 (hereinafter referred to as “turbine rotation
speed Nt”), i.e., arotation speed Nin (=Nt) of the transmission
input shaft 26, etc. Since the rotation speed Nout of the output
gear 28 corresponds to the vehicle speed V, the output rotation
speed sensor 86 also acts as a vehicle speed sensor detecting
the vehicle speed V. Since the compressor upstream intake
pressure PHin is the same as an atmospheric pressure Pair, the
first intake sensor 76 also acts as an atmospheric pressure
sensor detecting the atmospheric pressure Pair.

The electronic control device 52 supplies various output
signals to the devices disposed on the vehicle 6. For example,
the electronic control device 52 sequentially calculates a tar-
get engine torque Tet that is a target value of an engine torque
Te from a relationship empirically set in advance based on the
accelerator opening degree Acc, the vehicle speed V, the
engine rotation speed Ne, etc. The electronic control device
52 provides throttle control for adjusting the throttle opening
degree 6th through the electric throttle actuator 94 so that the
engine torque Te attains the target engine torque Tet, i.e., the
engine torque Te matches the target engine torque Tet. The
electronic control device 52 basically increases the throttle
opening degree Oth as the accelerator opening degree Acc
increases in the throttle control.

If an upshift of the automatic transmission 12 is performed
by executing an acceleration operation such as depressing the
accelerator pedal 88, i.e., if a power-on upshift is performed
that is an upshift during vehicle acceleration, the supercharg-
ing pressure Pcmout increases due to the acceleration opera-
tion. If the power-on upshift is performed, the electronic
control device 52 of this example provides control of adjust-
ing a temporal relative relationship between progress of a
supercharging pressure increase in a process of increasing the
supercharging pressure Pcmout by the supercharger 54 and an
inertia phase start timing of the upshift depending on a super-
charging status of the supercharger before start of the inertia
phase of the upshift, so as to suppress a shift shock that may
occur because of overlap between torque variation of the
engine 10 due to an increase in the supercharging pressure
Pcmout and a shift operation of the automatic transmission
12. A main portion of the control function will be described
with reference to FIG. 3.

As depicted in FIG. 3, the electronic control device 52
functionally includes an acceleration operation determining
means 100 that is an acceleration operation determining por-
tion, an upshift determining means 102 that is an upshift
determining portion, a supercharging status determining
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means 104 that is a supercharging status determining portion,
and a timing adjusting means 106 that is a timing adjusting
portion.

The acceleration operation determining means 100 deter-
mines whether an acceleration operation is executed by a
driver. In other words, it is determined whether the vehicle 6
is during acceleration running. The acceleration operation
means that, for example, a driver depresses the accelerator
pedal 88 and, therefore, for example, the acceleration opera-
tion determining means 100 sequentially detects the accel-
erator opening degree Acc and determines that the accelera-
tion operation is executed if the accelerator opening degree
Acc exceeds a predetermined accelerator opening degree
determination value.

The upshift determining means 102 determines whether an
upshift of the automatic transmission 12 is performed by
executing the acceleration operation, or in short, whether the
power-on upshift is performed. Whether the acceleration
operation is executed is dependent on the determination of the
acceleration operation determining means 100. Specifically,
the electronic control device 52 makes a shift determination
of performing a shift of the automatic transmission 12 based
on the vehicle speed V and the accelerator opening degree
Acc from the predefined shift diagram and performs a shift of
the automatic transmission 12 after making the shift determi-
nation in accordance with the shift determination and, there-
fore, for example, the upshift determining means 102 deter-
mines that the upshift of the automatic transmission 12 is
performed if the shift determination of performing the upshift
of the automatic transmission 12 is made from the shift dia-
gram.

The supercharging status determining means 104 sequen-
tially detects a progress status of the supercharging pressure
increase in the increasing process of the supercharging pres-
sure Pcmout. In short, the supercharging status determining
means 104 sequentially detects a supercharging status of the
supercharger 54. The progress status of the supercharging
pressure increase, i.e., the supercharging status, may be rep-
resented by combining some or all of the supercharging pres-
sure Pcmout, the engine torque Te, a load factor of the engine
10, and a temporal change rate thereof, the progress status is
represented in this example by the supercharging pressure
Pcmout and a temporal increase rate APcmout of the super-
charging pressure Pcmout (hereinafter referred to as a super-
charging pressure temporal increase rate APcmout). There-
fore, in this example, detecting the supercharging status (the
progress status of the supercharging pressure increase) is to
detect the supercharging pressure Pcmout and calculate (or
detect) the temporal increase rate of the supercharging pres-
sure Pcmout. If the upshift determining means 102 deter-
mines that the power-on upshift is performed, the supercharg-
ing status determining means 104 determines whether the
supercharging status at the time of the shift determination of
performing the power-on upshift, i.e., an upshift determina-
tion time supercharging status, is an initial supercharging
status empirically set in advance so as to represent an initial
period of supercharging pressure increase in the process of
increasing the supercharging pressure Pcmout. In other
words, it is determined whether the progress status of the
supercharging pressure increase at the time of the shift deter-
mination is a status at an initial period in the increasing
process of the supercharging pressure Pcmout (correspond-
ing to the initial supercharging status). The supercharging
pressure temporal increase rate APcmout is an increase width
of'the supercharging pressure Pcmout per unit time and is also
referred to as a supercharging pressure increase degree APc-
mout.
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The electronic control device 52 sequentially defines a
supercharging pressure target value PTcmout (target super-
charging pressure PTcmout) from a relationship empirically
defined in advance such that the engine torque Te requested
by a driver is acquired, based on the accelerator opening
degree Acc, the vehicle speed V, etc., and adjusts the throttle
opening degree Oth to increase or decrease the supercharging
pressure Pcmout toward the predefined target supercharging
pressure PTcmout. Therefore, in this example, the initial
supercharging status is defined as a status of supercharging in
which a deviation amount of the supercharging pressure
Pcmout from the target supercharging pressure PTcmout, i.e.,
a supercharging pressure deviation amount PGemout (=PTc-
mout-Pcmout), is equal to or greater than an initial super-
charging pressure deviation amount determination value
PGAcmout empirically set in advance while the supercharg-
ing pressure temporal increase rate APcmout is smaller than
aninitial supercharging pressure temporal increase rate deter-
mination value APBemout empirically set in advance. There-
fore, the supercharging status determining means 104 deter-
mines that the upshift determination time supercharging
status is the initial supercharging status if the supercharging
pressure deviation amount PGemout in the upshift determi-
nation time supercharging status, i.e., the supercharging pres-
sure deviation amount PGemout at the time of the shift deter-
mination, is equal to or greater than the initial supercharging
pressure deviation amount determination value PGAcmout
while the supercharging pressure temporal increase rate APc-
mout in the upshift determination time supercharging status,
i.e., the supercharging pressure temporal increase rate APc-
mout at the time of the shift determination, is smaller than the
initial supercharging pressure temporal increase rate determi-
nation value APBcmout. The initial supercharging pressure
deviation amount determination value PGAcmout and the
initial supercharging pressure temporal increase rate determi-
nation value APBcmout are parameters (determination val-
ues) empirically set in advance so as to represent the initial
period of supercharging pressure increase in the process of
increasing the supercharging pressure Pcmout. Although
both the initial supercharging pressure deviation amount
determination value PGAcmout and the initial supercharging
pressure temporal increase rate determination value APBc-
mout may be constant values, since the process of increasing
the supercharging pressure Pcmout is affected by a temporal
change rate of the accelerator opening degree Acc, the engine
rotation speed Ne, and the atmospheric pressure Pair, the
initial supercharging pressure deviation amount determina-
tion value PGAcmout and the initial supercharging pressure
temporal increase rate determination value APBcmout are
preferably sequentially decided based on the temporal change
rate of the accelerator opening degree Acc, the engine rotation
speed Ne, and/or the atmospheric pressure Pair at the time of
determination (detection) of the supercharging pressure
deviation amount PGemout and the supercharging pressure
temporal increase rate APcmout to be compared, for example,
at the time of the shift determination. Although the super-
charging pressure deviation amount PGemout and the super-
charging pressure temporal increase rate APcmout compared
with the determination values PGAcmout and APBcmout are
values at the time of the shift determination, the values may be
those after the time of the shift determination and before the
start of the inertia phase of the upshift and may be, for
example, those at the start of the shift when the actuation of
the clutches C or the brakes B is started for the upshift.

As a result of determining whether the upshift determina-
tion time supercharging status is the initial supercharging
status, if it is determined that the status is not the initial
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supercharging status, the supercharging status determining
means 104 determines whether the upshift determination
time supercharging status is an ending supercharging status
empirically set in advance so as to represent an ending period
of supercharging pressure increase in the process of increas-
ing the supercharging pressure Pcmout. In other words, it is
determined whether the progress status of the supercharging
pressure increase at the time of the shift determination is a
status of an ending period in the increasing process of the
supercharging pressure Pcmout (corresponding to the ending
supercharging status). In this example, the ending super-
charging status is defined as a status of supercharging in
which the supercharging pressure deviation amount PGc-
mout is smaller than an ending supercharging pressure devia-
tion amount determination value PGCcmout empirically set
in advance while the supercharging pressure temporal
increase rate APcmout is equal to or greater than an ending
supercharging pressure temporal increase rate determination
value APDcmout empirically set in advance. Therefore, the
supercharging status determining means 104 determines that
the upshift determination time supercharging status is the
ending supercharging status if the supercharging pressure
deviation amount PGemout at the time of the shift determi-
nation is smaller than the ending supercharging pressure
deviation amount determination value PGCcmout while the
supercharging pressure temporal increase rate APcmout at the
time of the shift determination is equal to or greater than the
ending supercharging pressure temporal increase rate deter-
mination value APDcmout. The ending supercharging pres-
sure deviation amount determination value PGCcmout and
the ending supercharging pressure temporal increase rate
determination value APDcmout are parameters (determina-
tion values) empirically set in advance so as to represent the
ending period of supercharging pressure increase in the pro-
cess of increasing the supercharging pressure Pcmout.
Although the ending supercharging pressure deviation
amount determination value PGCcmout and the ending
supercharging pressure temporal increase rate determination
value APDcmout may be constant values as is the case with
the determination values PGAcmout and APBcmout, the
determination values PGCcmout and APDcmout are prefer-
ably sequentially decided based on the temporal change rate
of the accelerator opening degree Acc, the engine rotation
speed Ne, and/or the atmospheric pressure Pair at the time of
determination (detection) of the supercharging pressure
deviation amount PGemout and the supercharging pressure
temporal increase rate APcmout to be compared, for example,
at the time of the shift determination. Since a range of the
initial supercharging status and a range of the ending super-
charging status do not overlap with each other when using the
supercharging pressure deviation amount PGemout and the
supercharging pressure temporal increase rate APcmout as
parameters, for example, the ending supercharging pressure
deviation amount determination value PGCcmout is set to the
same value as the initial supercharging pressure deviation
amount determination value PGAcmout or to a value smaller
than the determination value PGAcmout, and the ending
supercharging pressure temporal increase rate determination
value APDcmout is set to the same value as the initial super-
charging pressure temporal increase rate determination value
APBcmout or to a value larger than the determination value
APBcmout. Although the supercharging pressure deviation
amount PGemout and the supercharging pressure temporal
increase rate APcmout compared with the determination val-
ues PGCcmout and APDcmout are values at the time of the
shift determination, the values may be those after the time of
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the shift determination and before the start of the inertia phase
of'the upshift and may be, for example, those at the start of the
shift.

If an upshift of the automatic transmission 12 is performed
by executing an acceleration operation, i.e., if the power-on
upshift is performed, the timing adjusting means 106 adjusts
the temporal relative relationship between the progress of the
supercharging pressure increase in the process of increasing
the supercharging pressure Pcmout by the supercharger 54
and the inertia phase start timing of the upshift depending on
a supercharging status of the supercharger 54 before start of
the inertia phase of the upshift. In particular, in the adjustment
of the temporal relative relationship, if the supercharging
status before the start of the inertia phase is a status on the
initial period side of progress of the supercharging pressure
increase, first supercharging pressure increase progress sup-
pression control is provided to suppress the progress of the
supercharging pressure increase as compared to when the
adjustment is not performed. On the other hand, if the super-
charging status before the start of the inertia phase is a status
on the ending period side of progress of the supercharging
pressure increase, upshift delay control is provided to delay
the inertia phase start timing of the upshift as compared to
when the adjustment is not performed. When the supercharg-
ing status before the start of the inertia phase is a status on the
initial period side of progress of the supercharging pressure
increase, this specifically means that the supercharging status
determining means 104 determines that the supercharging
status at the time of the shift determination, i.e., the upshift
determination time supercharging status, is the initial super-
charging status. When the supercharging status before the
start of the inertia phase is a status on the ending period side
of progress of the supercharging pressure increase, this spe-
cifically means that the supercharging status determining
means 104 determines that the upshift determination time
supercharging status is the ending supercharging status.

Specifically, in the first supercharging pressure increase
progress suppression control, the timing adjusting means 106
suppresses the progress of the supercharging pressure
increase from the time of the shift determination of the upshift
to the time of termination of the upshift (=the time of termi-
nation of the inertia phase) as compared to when the first
supercharging pressure increase progress suppression control
is not provided. In other words, the timing adjusting means
106 delays the progress of the supercharging pressure
increase. If the progress of the supercharging pressure
increase is suppressed, the suppression of the progress is
canceled in conformity with the termination of the upshift or
after the termination of the upshift. In short, the first super-
charging pressure increase progress suppression control is
terminated in conformity with the termination of the upshift
or after the termination of the upshift. Terminating the first
supercharging pressure increase progress suppression control
in conformity with the termination of the upshift means not
only terminating the first supercharging pressure increase
progress suppression control at the same time with the termi-
nation of the upshift but also terminating the first supercharg-
ing pressure increase progress suppression control within a
range of a temporal difference before and after termination
that can be determined as being substantially synchronized
with the termination of the upshift. In the first supercharging
pressure increase progress suppression control, the timing
adjusting means 106 adjusts, for example, the waste gate
valve opening degree Owg to suppress the progress of the
supercharging pressure increase.

For example, the timing adjusting means 106 may sequen-
tially detect the progress status of the upshift from a change in
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the engine rotation speed Ne to define a time point at which
the first supercharging pressure increase progress suppres-
sion control is terminated; however, since a time (shift time)
required for a shift of the automatic transmission 12 is defined
in advance from a running load state (that may simply be
referred to as a running state) represented by the vehicle speed
V, the accelerator opening degree Acc, the supercharging
pressure Pcmout, the engine rotation speed Ne etc., the timing
adjusting means 106 in this example decides a first control
provision duration time TIME]1 of providing the first super-
charging pressure increase progress suppression control such
that the first supercharging pressure increase progress sup-
pression control is terminated in conformity with the termi-
nation of the upshift or after the termination of the upshift,
based on the running load state at the time of the shift deter-
mination from a relationship (map) empirically set in
advance, for example. The timing adjusting means 106 pro-
vides the first supercharging pressure increase progress sup-
pression control from the time of the shift determination until
the first control provision duration time TIME]1 elapses. In
this way, the timing adjusting means 106 terminates the first
supercharging pressure increase progress suppression control
in conformity with the termination of the upshift or after the
termination of the upshift. Although the timing adjusting
means 106 of this example adjusts the waste gate valve open-
ing degree Owg to retain the supercharging pressure Pcmout
at the time of the shift determination during provision of the
first supercharging pressure increase progress suppression
control, the timing adjusting means 106 may gradually
increase the supercharging pressure Pcmout at a predeter-
mined temporal increase rate to the extent that a shift shock is
not enlarged at the upshift.

Inthe upshift delay control, the timing adjusting means 106
delays the inertia phase start timing of the upshift as com-
pared to when the upshift delay control is not provided and,
specifically, the timing adjusting means 106 delays the inertia
phase start timing of the upshift until end of an increase in the
supercharging pressure Pcmout. Therefore, if the inertia
phase start timing of the upshift is delayed, the inertia phase
of the upshift is started after end of the increase in the super-
charging pressure Pcmout. In short, the upshift delay control
is terminated after end of the increase in the supercharging
pressure Pcmout. The end ofthe increase in the supercharging
pressure Pcmout means that the supercharging pressure
Pcmout reaches the target supercharging pressure PTcmout
and, for example, if the supercharging pressure Pcmout enters
apredetermined pressure range in which it can be determined
that the target supercharging pressure PTcmout is reached
and which includes the target supercharging pressure PTc-
mout, it is determined that the supercharging pressure Pcmout
reaches the target supercharging pressure PTcmout.

For example, the timing adjusting means 106 may sequen-
tially detect the supercharging pressure Pcmout to sequen-
tially determine whether the supercharging pressure Pcmout
reaches the target supercharging pressure PTcmout, thereby
deciding the inertial phase start timing at the time of provision
of the upshift delay control. However, since a time required
for the supercharging pressure Pcmout to reach the target
supercharging pressure PTcmout can empirically be obtained
in advance based on the running load state, the timing adjust-
ing means 106 in this example decides a shift start delay time
TIMEds of delaying the inertia phase start timing in the
upshift delay control as compared to when the upshift delay
control is not provided, such that the upshift delay control is
terminated as early as possible after end of an increase in the
supercharging pressure Pcmout, based on the running load
state at the time of the shift determination from a relationship
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(map) empirically set in advance, for example. The timing
adjusting means 106 starts the upshift delay control from the
time of the shift determination, delays the inertia phase start
timing for the shift start delay time TIMEds in the upshift
delay control, and terminates the upshift delay control as the
inertia phase of the upshift starts. In this way, the timing
adjusting means 106 terminates the upshift delay control after
end of the increase in the supercharging pressure Pcmout.

FIG. 4 is a flowchart for explaining a main portion of a
control operation of the electronic control device 52, i.e., a
control operation of adjusting the temporal relative relation-
ship between the progress of the supercharging pressure
increase and the inertia phase start timing of the upshift when
the power-on upshift is performed, and is repeatedly executed
with an extremely short cycle time, for example, on the order
of a few msec to a few tens of msec. The control operation
depicted in FIG. 4 is performed solely or concurrently with
another control operation.

First, at step (hereinafter, “step” will be omitted) SA1, the
vehicle speed V, the accelerator opening degree Acc, the
supercharging pressure Pcmout (=intake pressure), the
engine rotation speed Ne etc. are detected and acquired. In
short, the running load state is detected. SA1 is followed by
SA 2. SA1 corresponds to the acceleration operation deter-
mining means 100, the upshift determining means 102, the
supercharging status determining means 104, and the timing
adjusting means 106.

At SA2 corresponding to the acceleration operation deter-
mining means 100, it is determined whether an acceleration
operation is executed by a driver. The acceleration operation
means that the accelerator pedal 88 is depressed, for example.
If the determination of SA2 is affirmative, i.e., if the accel-
eration operation is executed, the operation goes to SA3. On
the other hand, if the determination of SA2 is negative, this
flowchart is terminated. If the determination of SA2 is affir-
mative, the accelerator pedal 88 is depressed to turn on accel-
eration and, therefore, the engine 10 is in the supercharged
state.

At SA3 corresponding to the upshift determining means
102, it is determined whether an upshift of the automatic
transmission 12 is performed, i.e., whether shift determina-
tion of the upshift is made. If the determination of SA3 is
affirmative, i.e., if the upshift is performed, the operation goes
to SA4. On the other hand, if the determination of SA3 is
negative, the operation goes to SA1.

At SA4 corresponding to the supercharging status deter-
mining means 104, it is determined whether the supercharg-
ing pressure deviation amount PGemout at the time of the
shift determination is equal to or greater than the initial super-
charging pressure deviation amount determination value
PGAcmout while the supercharging pressure temporal
increase rate APcmout at the time of the shift determination is
smaller than the initial supercharging pressure temporal
increase rate determination value APBcmout. If the determi-
nation of SA4 is affirmative, i.e., if the supercharging pressure
deviation amount PGemout at the time of the shift determi-
nation is equal to or greater than the initial supercharging
pressure deviation amount determination value PGAcmout
while the supercharging pressure temporal increase rate APc-
mout at the time of the shift determination is smaller than the
initial supercharging pressure temporal increase rate determi-
nation value APBecmout, the operation goes to SAS. On the
other hand, if the determination of SA4 is negative, the opera-
tion goes to SA6.

At SAS5 corresponding to the timing adjusting means 106,
the first supercharging pressure increase progress suppres-
sion control is provided. Specifically, in the first supercharg-
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ing pressure increase progress suppression control, the
progress of the supercharging pressure increase is suppressed
for the first control provision duration time TIME1 decided
based on the running load state. For example, a supercharging
pressure increase is delayed for the first control provision
duration time TIME].

At SA6 corresponding to the supercharging status deter-
mining means 104, it is determined whether the supercharg-
ing pressure deviation amount PGemout at the time of the
shift determination is smaller than the ending supercharging
pressure deviation amount determination value PGCcmout
while the supercharging pressure temporal increase rate APc-
mout at the time of the shift determination is equal to or
greater than the ending supercharging pressure temporal
increase rate determination value APDcmout. If the determi-
nation of SA6 is affirmative, i.e., if the supercharging pressure
deviation amount PGemout at the time of the shift determi-
nation is smaller than the ending supercharging pressure
deviation amount determination value PGCcmout while the
supercharging pressure temporal increase rate APcmout at the
time of the shift determination is equal to or greater than the
ending supercharging pressure temporal increase rate deter-
mination value APDcmout, the operation goes to SA7. On the
other hand, the determination of SA6 is negative, this flow-
chart is terminated.

At SA7 corresponding to the timing adjusting means 106,
the upshift delay control is provided. For example, in the
upshift delay control, the shift start of the upshift, or specifi-
cally, the start of the inertia phase is delayed for the shift start
delay time TIMEds decided based on the running load state.

FIG. 5 is a time chart for explaining the first supercharging
pressure increase progress suppression control by taking as
an example the case of performing the power-on upshift from
an “n”th speed to an “n+1”’th speed. An upshift of the auto-
matic transmission 12 performed in FIG. 5, for example,
shows as a shift from 3rd to 4th speed in the automatic
transmission 12, is a shift performed by switching the
clutches C or the brakes B to be gripped included in the
automatic transmission 12, i.e., the clutch-to-clutch shift.
Since the vehicle 6 is accelerated in FIG. 5, the engine rota-
tion speed Ne increases as time elapses except the inertial
phase of the shift of the automatic transmission 12. In the time
charts of the supercharging pressure Pcmout and the target
supercharging pressure PTcmout, a solid line indicates the
target supercharging pressure PTcmout and a dashed-two
dotted line L.O1 or a broken line [.02 indicates the supercharg-
ing pressure Pcmout.

The accelerator opening degree Acc is increased before
time tAl of FIG. 5 and, as a result, the target supercharging
pressure PTcmout is raised so as to promptly increase the
engine torque Te. Since the supercharging pressure deviation
amount PGemout is enlarged by the raise of the target super-
charging pressure PTcmout, the throttle opening degree 6th is
increased to bring the supercharging pressure Pcmout closer
to the target supercharging pressure PTcmout. At time tAl, a
shift determination is made for performing an upshift of the
automatic transmission 12. Therefore, at time tA1, the deter-
mination of SA3 of FIG. 4 is affirmative and the determina-
tion of SA4 is made. Both the supercharging pressure devia-
tion amount PGemout and the supercharging pressure
temporal increase rate APcmout compared with the determi-
nation values at SA4 are values at time tA1 (at the time of the
shift determination), for example, and the determination of
SA4 is affirmative in the example of FIG. 5.

Since the determination of SA4 of FIG. 4 is affirmative at
time tAl of FIG. 5, the execution step of the flowchart of FIG.
4 goes to SAS at time tAl, and the provision of the first
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supercharging pressure increase progress suppression control
is started from time tA1. Time tA2 of FIG. 5 is a time of start
of the inertia phase of the upshift and time tA3 is a time of
termination of the inertia phase, i.e., a time of termination of
the upshift.

In FIG. 5, if the first supercharging pressure increase
progress suppression control is not provided, the supercharg-
ing pressure Pcmout increases as indicated by the dashed-two
dotted line L.O1 of FIG. 5; however, since the provision of the
first supercharging pressure increase progress suppression
control is started from time tA1, the progress of the increase
in the supercharging pressure Pcmout is suppressed from
time tA1 until the first control provision duration time TIME1
elapses. For example, as indicated by the broken line [.O2 of
FIG. 5, the provision of the first supercharging pressure
increase progress suppression control retains the supercharg-
ing pressure Pcmout at the amplitude of time tA1 from time
tA1to time tA3, and the first supercharging pressure increase
progress suppression control is terminated at time tA3 so that
the supercharging pressure Pcmout is increased from time
tA3. As described above, if the determination of SA4 of FIG.
4 is affirmative, i.e., if the progress status of the supercharging
pressure increase at time tAl is a status in the initial period of
the increasing process of the supercharging pressure Pcmout,
the electronic control device 52 provides the first supercharg-
ing pressure increase progress suppression control to make
the supercharging pressure temporal increase rate APcmout
before start of the inertia phase of the upshift smaller than the
supercharging pressure temporal increase rate APcmout (see
a portion X1 of FIG. 5) after a predetermined timing (corre-
sponding to time tA3) subsequent to the start of the inertial
phase, as indicated by the broken line [.O2. The first super-
charging pressure increase progress suppression control may
be terminated in conformity with the termination of the
upshift, i.e., the supercharging pressure Pcmout may start
increasing immediately before time tA3.

Although the supercharging pressure Pcmout normally
increases as indicated by the dashed-two dotted line LO1 in
FIG. 5, the provision of the first supercharging pressure
increase progress suppression control suppresses the progress
of the supercharging pressure increase as indicated by the
broken line 1.02 and the supercharging pressure Pcmout
reaches the target supercharging pressure PTcmout at a time
point delayed in association with the suppression of the
progress as compared to the dashed-two dotted line LO1 and,
therefore, the throttle opening degree 6th is lowered at a time
point delayed as indicated by a broken line .03 as compared
to a solid line.

Although the upshift of FIG. 5 is a shift of one stage, the
upshift may be a skip shift of two or more stages and, if the
upshift is the skip shift, the shift time becomes longer as
compared to the shift of one stage and, therefore, the first
control provision duration time TIME] is set longer as com-
pared to the shift of one stage. Therefore, ifthe progress of the
supercharging pressure increase is suppressed when the
power-on upshift is performed, i.e., if the first supercharging
pressure increase progress suppression control is provided, a
period of suppressing the progress of the supercharging pres-
sure increase, i.e., the first control provision duration time
TIME1 is made longer when a change width of the shift ratio
yat is larger between before and after the upshift.

FIG. 6 is a time chart for explaining the upshift delay
control by taking as an example the case of performing the
power-on upshift from an “n”th speed to an “n+1”th speed.
An upshift of the automatic transmission 12 performed in
FIG. 6 is the clutch-to-clutch shift as is the case with the
example of FIG. 5. Since the vehicle 6 is accelerated also in

5

10

15

20

25

30

35

40

45

50

55

60

65

16

FIG. 6, the engine rotation speed Ne increases as time elapses
except the inertial phase of the shift of the automatic trans-
mission 12. In the time charts of the supercharging pressure
Pcmout and the target supercharging pressure PTcmout, a
solid line indicates the target supercharging pressure PTc-
mout and a dashed-two dotted line indicates the supercharg-
ing pressure Pcmout.

The accelerator opening degree Acc is increased before
time tB1 of FIG. 6 and, as a result, the target supercharging
pressure PTcmout is raised so as to promptly increase the
engine torque Te. Since the supercharging pressure deviation
amount PGemout is enlarged by the raise of the target super-
charging pressure PTcmout, the throttle opening degree 6th is
increased to bring the supercharging pressure Pcmout closer
to the target supercharging pressure PTcmout. At time tB1, a
shift determination is made for performing an upshift of the
automatic transmission 12. Therefore, at time tB1, the deter-
mination of SA3 of FIG. 4 is affirmative and the determina-
tion of SA4 is made. Both the supercharging pressure devia-
tion amount PGemout and the supercharging pressure
temporal increase rate APcmout compared with the determi-
nation values at SA4 and SA6 of FIG. 4 are values at time tB1
(at the time of the shift determination), for example, and
unlike the example of FIG. 5, the determination of SA4 is
negative and the determination of SA6 is affirmative in the
example of FIG. 6.

Since the determination of SA6 of FIG. 4 is affirmative at
time tB1 of FIG. 6, the execution step of the flowchart of FIG.
4 goes to SA7 at time tB1, and the provision of the upshift
delay control is started from time tB1. Time tB2 of FIG. 6 is
a time of start of the inertia phase of the upshift if the upshift
delay control is not provided and, in other words, a time of
start of the inertia phase before provision of the upshift delay
control. Time tB3 is a time of start of the inertia phase if the
upshift delay control is provided, and time tB4 is a time of
termination of the upshift if the upshift delay control is pro-
vided.

In FIG. 6, if the upshift delay control is not provided, the
inertia phase start timing of the upshift is time tB2 and the
engine rotation speed Ne starts decreasing from time tB2 as
indicated by a solid line .04; however, since the inertia phase
start timing is delayed by the upshitt delay control for the shift
start delay time TIMEds to time tB3, the engine rotation speed
Ne starts decreasing from time tB3 as indicated by a broken
line L.OS. The increasing supercharging pressure Pcmout con-
verges to the target supercharging pressure PTcmout before
time tB3. In other words, the increase in the supercharging
pressure Pcmout is terminated before time tB3. Therefore, if
the determination of SA6 of FIG. 4 is affirmative, i.e., if the
progress status of the supercharging pressure increase at time
tB1 is a status in the ending period of the increasing process
of the supercharging pressure Pcmout, the electronic control
device 52 provides the upshift delay control to make the
supercharging pressure temporal increase rate APcmout
before start of the inertia phase of the upshift (before time
tB3) larger than the supercharging pressure temporal increase
rate APcmout (see a portion X2 of FIG. 6) after a predeter-
mined timing (corresponding to time tB4) subsequent to the
start of the inertial phase, as indicated by a dashed-two dotted
line of the time chart of the supercharging pressure Pcmout.
From FIG. 6, it can be said that the inertia phase of the upshift
is started after end of the increase in the supercharging pres-
sure Pcmout due to the provision of the upshitt delay control.

This example has the following effects (A1) to (A6). (A1)
According to this example, when the power-on upshift is
performed, if the progress status of the supercharging pres-
sure increase is a status in the initial period of the increasing
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process of the supercharging pressure Pcmout, i.e., if the
determination of SA4 of FIG. 4 is affirmative, the electronic
control device 52 makes the supercharging pressure temporal
increase rate APcmout (supercharging pressure increase
degree APcmout) before start of the inertia phase of the
upshift smaller than the supercharging pressure temporal
increase rate APcmout (see the portion X1 of FIG. 5) after a
predetermined timing (corresponding to time tA3 of FIG. 5)
subsequent to the start of the inertial phase, as indicated by the
broken line [.O2 of FIG. 5. On the other hand, if the progress
status of the supercharging pressure increase is a status in the
ending period of the increasing process of the supercharging
pressure Pcmout, i.e., if the determination of SA6 of FIG. 4 is
affirmative, the electronic control device 52 makes the super-
charging pressure temporal increase rate APcmout before
start of the inertia phase of the upshift (before time tB3 of
FIG. 6) larger than the supercharging pressure temporal
increase rate APcmout (see the portion X2 of FIG. 6) after the
predetermined timing (corresponding to time tB4 of FIG. 6),
as indicated by the dashed-two dotted line of the time chart of
the supercharging pressure Pcmout of FIG. 6. Therefore, the
electronic control device 52 can suppress a shift shock that
may occur because of overlap between torque variation of the
engine 10 due to an increase in the supercharging pressure
Pcmout and a shift operation of the automatic transmission
12. Since the termination of the upshift is not delayed when
the progress status of the supercharging pressure increase is a
status in the initial period of the increasing process, an exces-
sive delay of the termination of the upshift is avoided. As a
result, drivability can be improved.

(A2) According to this example, when the power-on
upshift is performed, if the progress status of the supercharg-
ing pressure increase is a status in the ending period of the
increasing process of the supercharging pressure Pcmout, or
in short, if the determination of SA6 of FIG. 4 is affirmative,
the electronic control device 52 starts the inertia phase of the
upshift after end of the increase in the supercharging pressure
Pcmout. Therefore, the overlap can be avoided with high
certainty between torque variation of the engine 10 due to an
increase in the supercharging pressure Pcmout and a shift
operation of the automatic transmission 12. Thus, the shift
shock is easily suppressed.

(A3) According to this example, as depicted in the time
chart of FIG. 5, when the power-on upshift is performed, if the
progress status of the supercharging pressure increase is a
status in the initial period of the increasing process of the
supercharging pressure Pcmout, or in short, if the determina-
tion of SA4 of FIG. 4 is affirmative, the electronic control
device 52 makes the supercharging pressure temporal
increase rate APcmout (supercharging pressure increase
degree APcmout) before termination of the upshift smaller
than the supercharging pressure temporal increase rate APc-
mout after the time of termination of the upshift. Therefore,
the overlap can be avoided with high certainty between torque
variation of the engine 10 due to an increase in the super-
charging pressure Pcmout and a shift operation of the auto-
matic transmission 12. Thus, the shift shock is easily sup-
pressed. The predetermined timing of the present invention
corresponds to the time of termination of the upshift in this
example.

(A4) According to this example, for example, the ending
supercharging pressure deviation amount determination
value PGCcmout is set to the same value as the initial super-
charging pressure deviation amount determination value
PGAcmout or a value smaller than the determination value
PGAcmout and the ending supercharging pressure temporal
increase rate determination value APDcmout is set to the
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same value as the initial supercharging pressure temporal
increase rate determination value APBemout or a value larger
than the determination value APBcmout. Therefore, when the
progress status of the supercharging pressure increase is a
status in the initial period of the increasing process of the
supercharging pressure Pcmout, the supercharging pressure
deviation amount PGemout is larger and the supercharging
pressure temporal increase rate APcmout (supercharging
pressure increase degree APcmout) is smaller as compared to
when the progress status of the supercharging pressure
increase is a status in the ending period of the increasing
process of the supercharging pressure Pcmout. As a result,
whether the progress status of the supercharging pressure
increase is a status in the initial period and whether the
progress status of the supercharging pressure increase is a
status in the ending period can easily be decided by detecting
the supercharging pressure Pcmout.

(AS) According to this example, whether the progress of
the supercharging pressure increase is suppressed by the first
supercharging pressure increase progress suppression control
and whether the inertia phase start timing of the upshift is
delayed by the upshift delay control are decided based on the
supercharging status after the time of the shift determination
of'the upshift. Therefore, for example, if the accelerator pedal
88 is returned before it is decided that the upshift is per-
formed, unnecessary suppression of the progress of the super-
charging pressure increase is avoided, and unnecessary delay
of the inertia phase start timing is avoided.

(A6) According to this example, the first control provision
duration time TIME1 and the shift start delay time TIMEds
are decided based on the running load state at the time of the
shift determination of the upshift from the respective relation-
ships (maps) empirically set in advance. Therefore, the first
control provision duration time TIME1 and the shift start
delay time TIMEds can properly be decided with a light
control load.

Another example of the present invention will be
described. In the following description, the portions mutually
common to the examples are denoted by the same reference
numerals and will not be described.

Second Example

Although a vehicle 206 of this example (second example)
depicted in FIG. 7 is different from the vehicle 6 of the first
example in that an electronic control device 210 is included
instead of the electronic control device 52, the vehicle 206 is
the same as the vehicle 6 of the first example except this point.

FIG. 7 is a functional block diagram for explaining a main
portion of a control function included in the electronic control
device 210 of this example. As depicted in FIG. 7, the elec-
tronic control device 210 includes the acceleration operation
determining means 100 as is the case with the electronic
control device 52 of the first example. Unlike the first
example, the electronic control device 210 functionally
includes a downshift determining means 212 that is a down-
shift determining portion, a supercharging status determining
means 214 that is a supercharging status determining portion,
and a timing adjusting means 216 that is a timing adjusting
portion.

The downshift determining means 212 determines whether
a downshift of the automatic transmission 12 is performed by
executing the acceleration operation, or in short, whether a
power-on downshift is performed. Whether the acceleration
operation is executed is dependent on the determination of the
acceleration operation determining means 100. For example,
the downshift determining means 212 determines that the
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downshift of the automatic transmission 12 is performed if a
shift determination of performing the downshift of the auto-
matic transmission 12 is made from the shift diagram.

As is the case with the supercharging status determining
means 104 of the first example, the supercharging status
determining means 214 sequentially detects a progress status
of'a supercharging pressure increase in an increasing process
of the supercharging pressure Pcmout. In short, the super-
charging status determining means 214 sequentially detects a
supercharging status of the supercharger 54. If the downshift
determining means 212 determines that the power-on down-
shift is performed, the supercharging status determining
means 214 determines whether the supercharging status at the
time of the shift determination of performing the power-on
downshift, i.e., adownshift determination time supercharging
status is an initial supercharging status empirically set in
advance so as to represent an initial period of supercharging
pressure increase in the process of increasing the supercharg-
ing pressure Pcmout. For example, in this example, the initial
supercharging status is defined as a status of supercharging in
which the supercharging pressure deviation amount PGc-
mout (=PTcmout-Pcmout) is equal to or greater than an
initial supercharging pressure deviation amount determina-
tion value PGEcmout empirically set in advance while the
supercharging pressure temporal increase rate APcmout is
smaller than an initial supercharging pressure temporal
increase rate determination value APFcmout empirically set
in advance. Therefore, the supercharging status determining
means 214 determines that the downshift determination time
supercharging status is the initial supercharging status if the
supercharging pressure deviation amount PGemout in the
downshift determination time supercharging status, i.e., the
supercharging pressure deviation amount PGemout at the
time of the shift determination, is equal to or greater than the
initial supercharging pressure deviation amount determina-
tion value PGEcmout while the supercharging pressure tem-
poral increase rate APcmout in the downshift determination
time supercharging status, i.e., the supercharging pressure
temporal increase rate APcmout at the time of the shift deter-
mination, is smaller than the initial supercharging pressure
temporal increase rate determination value APFcmout.
Although the initial supercharging pressure deviation amount
determination value PGEcmout may be a value different from
the initial supercharging pressure deviation amount determi-
nation value PGAcmout of the first example, the initial super-
charging pressure deviation amount determination value
PGEcmout is set to the same value in this example. Although
the initial supercharging pressure temporal increase rate
determination value APFcmout may be a value different from
the initial supercharging pressure temporal increase rate
determination value APBcmout of the first example, the ini-
tial supercharging pressure temporal increase rate determina-
tion value APFcmout is set to the same value in this example.
The initial supercharging pressure deviation amount determi-
nation value PGEcmout and the initial supercharging pres-
sure temporal increase rate determination value APFcmout
are parameters (determination values) set for the same pur-
pose as the initial supercharging pressure deviation amount
determination value PGAcmout and the initial supercharging
pressure temporal increase rate determination value APBc-
mout of the first example. As is the case with the initial
supercharging pressure deviation amount determination
value PGAcmout and the initial supercharging pressure tem-
poral increase rate determination value APBcmout of the first
example, although the initial supercharging pressure devia-
tion amount determination value PGEcmout and the initial
supercharging pressure temporal increase rate determination
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value APFecmout of this example may be constant values, the
initial supercharging pressure deviation amount determina-
tion value PGEcmout and the initial supercharging pressure
temporal increase rate determination value APFcmout are
preferably sequentially decided based on the temporal change
rate of the accelerator opening degree Acc, the engine rotation
speed Ne, and/or the atmospheric pressure Pair at the time of
determination (detection) of the supercharging pressure
deviation amount PGemout and the supercharging pressure
temporal increase rate APcmout to be compared, for example,
at the time of the shift determination. Although the super-
charging pressure deviation amount PGemout and the super-
charging pressure temporal increase rate APcmout compared
with the determination values PGEcmout and APFcmout are
values at the time of the shift determination, the values may be
those after the time of the shift determination and before the
start of the inertia phase of the downshift and may be, for
example, those at the start of the shift when the actuation of
the clutches C or the brakes B is started for the downshift.
If a downshift of the automatic transmission 12 is per-
formed by executing an acceleration operation, i.e., if the
power-on downshift is performed, the timing adjusting means
216 adjusts the temporal relative relationship between the
progress of the supercharging pressure increase in the process
of increasing the supercharging pressure Pcmout by the
supercharger 54 and the inertia phase start timing of the
downshift depending on a supercharging status of the super-
charger 54 before the start of the inertia phase of the down-
shift. In particular, in the adjustment of the temporal relative
relationship, if the supercharging status before the start of the
inertia phase is a status on the initial period side of progress of
the supercharging pressure increase, a second supercharging
pressure increase progress suppression control is provided to
suppress the progress of the supercharging pressure increase
as compared to when the adjustment is not performed. When
the supercharging status before the start of the inertia phase is
a status on the initial period side of progress of the super-
charging pressure increase, this specifically means that the
supercharging status determining means 214 determines that
the supercharging status at the time of the shift determination,
i.e., the downshift determination time supercharging status, is
the initial supercharging status. In the first example, if the
supercharging status before the start of the inertia phase is a
status on the ending period side of progress of the supercharg-
ing pressure increase, the inertia phase start timing is delayed;
however, in the case of this example, i.e., if the power-on
downshift is performed, the inertia phase start timing is not
delayed. This is because, in the case of the power-on down-
shift, if the shift is delayed, acceleration responsiveness dete-
riorates and the drivability is likely to be impaired.
Specifically, in the second supercharging pressure increase
progress suppression control, the timing adjusting means 216
suppresses the progress of the supercharging pressure
increase from the time of the shift determination of the down-
shift to the time of termination of the downshift (=the time of
termination of the inertia phase) as compared to when the
second supercharging pressure increase progress suppression
control is not provided. In other words, the timing adjusting
means 216 delays the progress of the supercharging pressure
increase. If the progress of the supercharging pressure
increase is suppressed, the suppression of the progress is
canceled in conformity with the termination of the downshift
or after the termination of the downshift. In short, the second
supercharging pressure increase progress suppression control
is terminated in conformity with the termination of the down-
shift or after the termination of the downshift. In the second
supercharging pressure increase progress suppression con-
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trol, as is the case with the first supercharging pressure
increase progress suppression control of the first example, the
timing adjusting means 216 adjusts, for example, the waste
gate valve opening degree 6wg to suppress the progress of the
supercharging pressure increase.

For example, as is the case with the timing adjusting means
106 of the first example, the timing adjusting means 216 may
sequentially detect the progress status of the downshift from
achange in the engine rotation speed Ne to define a time point
at which the second supercharging pressure increase progress
suppression control is terminated; however, in this example,
the timing adjusting means 216 decides a second control
provision duration time TIME2 of providing the second
supercharging pressure increase progress suppression control
such that the second supercharging pressure increase
progress suppression control is terminated in conformity with
the termination of the downshift or after the termination of the
downshift, based on the running load state at the time of the
shift determination from a relationship (map) empirically set
in advance, for example. The timing adjusting means 216
provides the second supercharging pressure increase progress
suppression control from the time of the shift determination
until the second control provision duration time TIME2
elapses. In this way, the timing adjusting means 216 termi-
nates the second supercharging pressure increase progress
suppression control in conformity with the termination of the
downshift or after the termination of the downshift. Although
the timing adjusting means 216 of this example adjusts the
waste gate valve opening degree Owg to retain the supercharg-
ing pressure Pcmout at the time of the shift determination
during provision of the second supercharging pressure
increase progress suppression control, the timing adjusting
means 216 may gradually increase the supercharging pres-
sure Pcmout at a predetermined temporal increase rate to the
extent that a shift shock is not enlarged at the downshift. As
compared to the first supercharging pressure increase
progress suppression control of the first example, the second
supercharging pressure increase progress suppression control
of this example may be configured with the same control
contents or may be different in the supercharging pressure
temporal increase rate APcmout during provision of the con-
trol and/or the timing of control termination etc.

FIG. 8 is a flowchart for explaining a main portion of a
control operation of the electronic control device 210, i.e., a
control operation of providing the second supercharging
pressure increase progress suppression control when the
power-on downshift is performed, and is repeatedly executed
with an extremely short cycle time, for example, on the order
of a few msec to a few tens of msec. The control operation
depicted in FIG. 8 is performed solely or concurrently with
another control operation. SB1 and SB2 of FIG. 8 are the
same as SA1 and SA2, respectively, of FIG. 4 and, therefore,
SB1 and SB2 will not be described.

In FIG. 8, if the determination of SB2 is affirmative, the
operation goes to SB3. At SB3 corresponding to the down-
shift determining means 212, it is determined whether a
downshift of the automatic transmission 12 is performed, i.e.,
whether a shift determination of the downshift is made. If the
determination of SB3 is affirmative, i.e., if the downshift is
performed, the operation goes to SB4. On the other hand, if
the determination of SB3 is negative, the operation goes to
SB1.

At SB4 corresponding to the supercharging status deter-
mining means 214, it is determined whether the supercharg-
ing pressure deviation amount PGemout at the time of the
shift determination is equal to or greater than the initial super-
charging pressure deviation amount determination value
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PGEcmout while the supercharging pressure temporal
increase rate APcmout at the time of the shift determination is
smaller than the initial supercharging pressure temporal
increase rate determination value APFecmout. If the determi-
nation of SB4 is affirmative, i.e., if the supercharging pressure
deviation amount PGemout at the time of the shift determi-
nation is equal to or greater than the initial supercharging
pressure deviation amount determination value PGEcmout
while the supercharging pressure temporal increase rate APc-
mout at the time of the shift determination is smaller than the
initial supercharging pressure temporal increase rate determi-
nation value APFemout, the operation goes to SB5. On the
other hand, if the determination of SB4 is negative, this flow-
chart is terminated.

At SBS5 corresponding to the timing adjusting means 216,
the second supercharging pressure increase progress suppres-
sion control is provided. Specifically, in the second super-
charging pressure increase progress suppression control, the
progress of the supercharging pressure increase is suppressed
for the second control provision duration time TIME2
decided based on the running load state. For example, a
supercharging pressure increase is delayed for the second
control provision duration time TIME2.

FIG. 9 is atime chart for explaining the second supercharg-
ing pressure increase progress suppression control by taking
as an example the case of performing the power-on downshift
from an “n”th speed to an “n-1"th speed. A downshift of the
automatic transmission 12 performed in FIG. 9 is the clutch-
to-clutch shift such as a shift from the fourth speed to the third
speed of the automatic transmission 12, for example. In the
time charts of the supercharging pressure Pcmout and the
target supercharging pressure PTcmout, a solid line indicates
the target supercharging pressure PTcmout and a dashed-two
dotted line L.O6 or a broken line .07 indicates the supercharg-
ing pressure Pcmout.

The accelerator opening degree Acc is increased before
time tC1 of FIG. 9 and, as a result, the target supercharging
pressure PTcmout is raised so as to promptly increase the
engine torque Te. Since the supercharging pressure deviation
amount PGemout is enlarged by the raise of the target super-
charging pressure PTcmout, the throttle opening degree 6th is
increased to bring the supercharging pressure Pcmout closer
to the target supercharging pressure PTcmout. At time tC1, a
shift determination is made for performing a downshift of the
automatic transmission 12. Therefore, at time tC1, the deter-
mination of SB3 of FIG. 8 is affirmative and the determina-
tion of SB4 is made. Both the supercharging pressure devia-
tion amount PGemout and the supercharging pressure
temporal increase rate APcmout compared with the determi-
nation values at SB4 are values at time tC1 (at the time of the
shift determination), for example, and the determination of
SB4 is affirmative in the example of FIG. 9.

Since the determination of SB4 of FIG. 8 is affirmative at
time tC1 of FIG. 9, the execution step of the flowchart of FIG.
8 goes to SB5 at time tC1, and the provision of the second
supercharging pressure increase progress suppression control
is started from time tC1. Time tC2 of FIG. 9 is a time of start
of'the inertia phase of the downshift and time tC3 is a time of
termination of the inertia phase, i.e., a time of termination of
the downshift.

In FIG. 9, if the second supercharging pressure increase
progress suppression control is not provided, the supercharg-
ing pressure Pcmout increases as indicated by the dashed-two
dotted line LO6 of FIG. 9; however, since the provision of the
second supercharging pressure increase progress suppression
control is started from time tC1, the progress of the increase
in the supercharging pressure Pcmout is suppressed from
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time tC1 until the second control provision duration time
TIME?2 elapses. For example, as indicated by the broken line
LO7 of FIG. 9, the provision of the second supercharging
pressure increase progress suppression control retains the
supercharging pressure Pcmout at the amplitude of time tC1
from time tC1 to time tC3, and the second supercharging
pressure increase progress suppression control is terminated
at time tC3 so that the supercharging pressure Pcmout is
increased from time tC3. The second supercharging pressure
increase progress suppression control may be terminated in
conformity with the termination of the downshift, i.e., the
supercharging pressure Pcmout may start increasing imme-
diately before time tC3.

Although the supercharging pressure Pcmout normally
increases as indicated by the dashed-two dotted line 106 in
FIG. 9, the provision of the second supercharging pressure
increase progress suppression control suppresses the progress
of the supercharging pressure increase as indicated by the
broken line 1.07 and the supercharging pressure Pcmout
reaches the target supercharging pressure PTcmout at a time
point delayed in association with the suppression of the
progress as compared to the dashed-two dotted line LO6 and,
therefore, the throttle opening degree 6th is lowered at a time
point delayed as indicated by a broken line [.O8 as compared
to a solid line.

Although the downshift of FIG. 9 is a shift of one stage, the
downshift may be a skip shift of two or more stages and, if the
downshift is the skip shift, the shift time becomes longer as
compared to the shift of one stage and, therefore, the second
control provision duration time TIME2 is set longer as com-
pared to the shift of one stage. Therefore, ifthe progress of the
supercharging pressure increase is suppressed when the
power-on downshift is performed, i.e., if the second super-
charging pressure increase progress suppression control is
provided, a period of suppressing the progress of the super-
charging pressure increase, i.e., the second control provision
duration time TIME2, is made longer when a change width of
the shift ratio yat is larger between before and after the down-
shift.

This example has the following effects (B1) to (B4). (B1)
According to this example, if the power-on downshitt is per-
formed, the timing adjusting means 216 adjusts the temporal
relative relationship between the progress of the supercharg-
ing pressure increase in the process of increasing the super-
charging pressure Pcmout by the supercharger 54 and the
inertia phase start timing of the downshift depending on a
supercharging status of the supercharger 54 before start of the
inertia phase of the downshift. In particular, in the adjustment
of the temporal relative relationship, if the supercharging
status before the start of the inertia phase is a status on the
initial period side of progress of the supercharging pressure
increase, the second supercharging pressure increase
progress suppression control is provided to suppress the
progress of the supercharging pressure increase as compared
to when the adjustment is not performed. Therefore, if the
supercharging status before the start of the inertia phase is a
status on the initial period side of progress of the supercharg-
ing pressure increase, the electronic control device 210 can
provide the second supercharging pressure increase progress
suppression control to suppress a shift shock that may occur
because of overlap between torque variation of the engine 10
due to an increase in the supercharging pressure Pcmout and
a shift operation of the automatic transmission 12. Since the
downshift is not delayed for suppressing the shift shock,
deterioration in drivability can be avoided that may occur due
to a delay of the downshift.
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(B2) According to this example, when the power-on down-
shift is performed, if the progress of the supercharging pres-
sure increase is suppressed, the timing adjusting means 216
cancels the suppression of the progress after termination of
the downshift. Therefore, the overlap can be avoided with
high certainty between torque variation of the engine 10 due
to an increase in the supercharging pressure Pcmout and a
shift operation of the automatic transmission 12. Thus, the
shift shock is easily suppressed.

(B3) According to this example, whether the progress of
the supercharging pressure increase is suppressed by the sec-
ond supercharging pressure increase progress suppression
control is decided based on the supercharging status after the
time of the shift determination of the downshift. Therefore,
for example, if the accelerator pedal 88 is returned before it is
decided that the downshift is performed, unnecessary sup-
pression of the progress of the supercharging pressure
increase is avoided.

(B4) According to this example, the second control provi-
sion duration time TIME2 is decided based on the running
load state at the time of the shift determination of the down-
shift from the relationship (map) empirically set in advance.
Therefore, the second control provision duration time TIME2
can properly be decided with a light control load.

Third Example

Although a vehicle 306 of this example (third example)
depicted in FIG. 7 is different from the vehicle 206 of the
second example in that an electronic control device 310 is
included instead of the electronic control device 210, the
vehicle 306 is the same as the vehicle 206 of the second
example except this point.

A functional block diagram for explaining a main portion
ofa control function included in the electronic control device
310 of this example is depicted in FIG. 7 common to the
second example. As depicted in FIG. 7, the electronic control
device 310 includes the acceleration operation determining
means 100 and the downshift determining means 212 as is the
case with the electronic control device 210 of the second
example. Unlike the second example, the electronic control
device 310 functionally includes a supercharging status deter-
mining means 314 that is a supercharging status determining
portion, and a timing adjusting means 316 that is a timing
adjusting portion.

As is the case with the supercharging status determining
means 214 of the second example, the supercharging status
determining means 314 sequentially detects a progress status
of'a supercharging pressure increase in an increasing process
of the supercharging pressure Pcmout. In short, the super-
charging status determining means 314 sequentially detects a
supercharging status of the supercharger 54. If the downshift
determining means 212 determines that the power-on down-
shift is performed, the supercharging status determining
means 314 determines whether the supercharging status at the
time of the shift determination of performing the power-on
downshift, i.e., a downshift determination time supercharging
status is an ending supercharging status empirically set in
advance so as to represent an ending period of supercharging
pressure increase in the process of increasing the supercharg-
ing pressure Pcmout. For example, in this example, the end-
ing supercharging status is defined as a status of supercharg-
ing in which the supercharging pressure deviation amount
PGcemout is smaller than an ending supercharging pressure
deviation amount determination value PGGemout empiri-
cally set in advance while the supercharging pressure tempo-
ral increase rate APcmout is equal to or greater than an ending
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supercharging pressure temporal increase rate determination
value APHcemout empirically set in advance. Therefore, the
supercharging status determining means 314 determines that
the downshift determination time supercharging status is the
ending supercharging status if the supercharging pressure
deviation amount PGemout at the time of the shift determi-
nation is smaller than the ending supercharging pressure
deviation amount determination value PGGemout while the
supercharging pressure temporal increase rate APcmout at the
time of the shift determination is equal to or greater than the
ending supercharging pressure temporal increase rate deter-
mination value APHcmout. Although the ending supercharg-
ing pressure deviation amount determination value PGGe-
mout may be a value different from the ending supercharging
pressure deviation amount determination value PGCemout of
the first example, the ending supercharging pressure devia-
tion amount determination value PGGemout is set to the same
value in this example. Although the ending supercharging
pressure temporal increase rate determination value APHc-
mout may be a value different from the ending supercharging
pressure temporal increase rate determination value APDc-
mout of the first example, the ending supercharging pressure
temporal increase rate determination value APHcemout is set
to the same value in this example. The ending supercharging
pressure deviation amount determination value PGGemout
and the ending supercharging pressure temporal increase rate
determination value APHcmout are parameters (determina-
tion values) set for the same purpose as the ending super-
charging pressure deviation amount determination value
PGCcmout and the ending supercharging pressure temporal
increase rate determination value APDcmout of the first
example. As is the case with the ending supercharging pres-
sure deviation amount determination value PGCcmout and
the ending supercharging pressure temporal increase rate
determination value APDcmout of the first example, although
the ending supercharging pressure deviation amount determi-
nation value PGGemout and the ending supercharging pres-
sure temporal increase rate determination value APHemout of
this example may be constant values, the ending supercharg-
ing pressure deviation amount determination value PGGe-
mout and the ending supercharging pressure temporal
increase rate determination value APHcemout are preferably
sequentially decided based on the temporal change rate of the
accelerator opening degree Acc, the engine rotation speed Ne,
and/or the atmospheric pressure Pair at the time of determi-
nation (detection) of the supercharging pressure deviation
amount PGemout and the supercharging pressure temporal
increase rate APcmout to be compared, for example, at the
time ofthe shift determination. As is the case with the descrip-
tion of the first example, since the range of the initial super-
charging status and the range of the ending supercharging
status do not overlap with each other when using the super-
charging pressure deviation amount PGemout and the super-
charging pressure temporal increase rate APcmout as param-
eters, for example, the ending supercharging pressure
deviation amount determination value PGGemout is set to the
same value as the initial supercharging pressure deviation
amount determination value PGEcmout of the second
example or to a value smaller than the determination value
PGEcmout, and the ending supercharging pressure temporal
increase rate determination value APHcmout is set to the
same value as the initial supercharging pressure temporal
increase rate determination value APFcmout of the second
example or to a value larger than the determination value
APFcmout. Although the supercharging pressure deviation
amount PGemout and the supercharging pressure temporal
increase rate APcmout compared with the determination val-
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ues PGGemout and APHemout are values at the time of the
shift determination, the values may be those after the time of
the shift determination and before the start of the inertia phase
of'the downshift and may be, for example, those at the start of
the shift for the downshift.

If the power-on downshift is performed, the timing adjust-
ing means 316 adjusts the temporal relative relationship
between the progress of the supercharging pressure increase
in the process of increasing the supercharging pressure
Pcmout by the supercharger 54 and the inertia phase start
timing of the downshift depending on a supercharging status
of the supercharger 54 before the start of the inertia phase of
the downshift. In particular, in the adjustment of the temporal
relative relationship, if the supercharging status before the
start of the inertia phase is a status on the ending period side
of progress of the supercharging pressure increase, a third
supercharging pressure increase progress suppression control
is provided to suppress the progress of the supercharging
pressure increase as compared to when the adjustment is not
performed. When the supercharging status before the start of
the inertia phase is a status on the ending period side of
progress of the supercharging pressure increase, this specifi-
cally means that the supercharging status determining means
314 determines that the supercharging status at the time of the
shift determination, i.e., the downshift determination time
supercharging status, is the ending supercharging status. Also
in this example, for the same reason as the second example, if
the power-on downshift is performed, the inertia phase start
timing is not delayed.

Specifically, in the third supercharging pressure increase
progress suppression control, the timing adjusting means 316
suppresses the progress of the supercharging pressure
increase from the time of the shift determination of the down-
shift to the time of termination of the downshift (=the time of
termination of the inertia phase) as compared to when the
third supercharging pressure increase progress suppression
control is not provided. In other words, the timing adjusting
means 316 delays the progress of the supercharging pressure
increase. If the progress of the supercharging pressure
increase is suppressed, the suppression of the progress is
canceled in conformity with the termination of the downshift
or after the termination of the downshift. In short, the third
supercharging pressure increase progress suppression control
is terminated in conformity with the termination of the down-
shift or after the termination of the downshift. In the third
supercharging pressure increase progress suppression con-
trol, as is the case with the first supercharging pressure
increase progress suppression control of the first example, the
timing adjusting means 316 adjusts, for example, the waste
gate valve opening degree Owg to suppress the progress of the
supercharging pressure increase.

For example, as is the case with the timing adjusting means
216 of the second example, the timing adjusting means 316
may sequentially detect the progress status of the downshift
from a change in the engine rotation speed Ne to define a time
point at which the third supercharging pressure increase
progress suppression control is terminated; however, in this
example, the timing adjusting means 316 decides a third
control provision duration time TIME3 of providing the third
supercharging pressure increase progress suppression control
such that the third supercharging pressure increase progress
suppression control is terminated in conformity with the ter-
mination of the downshift or after the termination of the
downshift, based on the running load state at the time of the
shift determination from a relationship (map) empirically set
in advance, for example. The timing adjusting means 316
provides the third supercharging pressure increase progress
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suppression control from the time of the shift determination
until the third control provision duration time TIME3 elapses.
In this way, the timing adjusting means 316 terminates the
third supercharging pressure increase progress suppression
control in conformity with the termination of the downshift or
after the termination of the downshift. Although the timing
adjusting means 316 of this example adjusts the waste gate
valve opening degree Owg to retain the supercharging pres-
sure Pcmout at the time of the shift determination during
provision of the third supercharging pressure increase
progress suppression control, the timing adjusting means 316
may gradually increase the supercharging pressure Pcmout at
a predetermined temporal increase rate to the extent that a
shift shock is not enlarged at the downshitt.

As compared to the second supercharging pressure
increase progress suppression control of the second example,
the third supercharging pressure increase progress suppres-
sion control of this example is configured with different con-
trol contents. For example, it is conceivable that the super-
charging pressure temporal increase rates APcmout during
provision of the respective controls and/or the control termi-
nation time points etc. are different from each other. To take
an example of the supercharging pressure temporal increase
rates APcmout different between the respective controls, it is
conceivable that, while the supercharging pressure Pcmout is
gradually increased at a predetermined temporal increase rate
in the second supercharging pressure increase progress sup-
pression control, the supercharging pressure Pcmout at the
time of the shift determination is retained until the termina-
tion of the control in the third supercharging pressure increase
progress suppression control of this example. This is because
the third supercharging pressure increase progress suppres-
sion control is provided in the ending period of the super-
charging pressure increase while the second supercharging
pressure increase progress suppression control is provided in
the initial period of the supercharging pressure increase and,
therefore, it is conceivable that the supercharging pressure
Pcmout at the start of provision of the third supercharging
pressure increase progress suppression control is closer to the
target supercharging pressure PTcmout as compared to the
start of provision of the second supercharging pressure
increase progress suppression control.

FIG. 10 is a flowchart for explaining a main portion of a
control operation of the electronic control device 310, i.e., a
control operation of providing the third supercharging pres-
sure increase progress suppression control when the power-
ondownshiftis performed, and is repeatedly executed with an
extremely short cycle time, for example, on the order of a few
msec to a few tens of msec. The control operation depicted in
FIG. 10 is performed solely or concurrently with another
control operation. SC1 to SC3 of FIG. 10 are the same as SB1
to SB3, respectively, of FIG. 8 and, therefore, SC1 to SC3 will
not be described.

In FIG. 10, if the determination of SC3 is affirmative, the
operation goes to SC4. At SC4 corresponding to the super-
charging status determining means 314, it is determined
whether the supercharging pressure deviation amount PGe-
mout at the time of the shift determination is smaller than the
ending supercharging pressure deviation amount determina-
tion value PGGemout while the supercharging pressure tem-
poral increase rate APcmout at the time of the shift determi-
nation is equal to or greater than the ending supercharging
pressure temporal increase rate determination value APHc-
mout. If the determination of SC4 is affirmative, i.e., if the
supercharging pressure deviation amount PGemout at the
time of the shift determination is smaller than the ending
supercharging pressure deviation amount determination
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value PGGemout while the supercharging pressure temporal
increase rate APcmout at the time of the shift determination is
equal to or greater than the ending supercharging pressure
temporal increase rate determination value APHcmout, the
operation goes to SC5. On the other hand, if the determination
of' SC4 is negative, this flowchart is terminated.

At SCS5 corresponding to the timing adjusting means 316,
the third supercharging pressure increase progress suppres-
sion control is provided. Specifically, in the third supercharg-
ing pressure increase progress suppression control, the
progress of the supercharging pressure increase is suppressed
for the third control provision duration time TIME3 decided
based on the running load state. For example, a supercharging
pressure increase is delayed for the third control provision
duration time TIME3.

FIG. 11 is a time chart for explaining the third supercharg-
ing pressure increase progress suppression control by taking
as an example the case of performing the same power-on
downshift as the time chart of FIG. 9. In the time charts of the
supercharging pressure Pcmout and the target supercharging
pressure PTcmout, a solid line indicates the target super-
charging pressure PTcmout and a dashed-two dotted line LO9
or a broken line [.10 indicates the supercharging pressure
Pcmout.

The accelerator opening degree Acc is increased from
before time tD1 of FIG. 11 and, as a result, the target super-
charging pressure PTcmout is raised so as to promptly
increase the engine torque Te. Since the supercharging pres-
sure deviation amount PGemout is enlarged by the raise of the
target supercharging pressure PTcmout, the throttle opening
degree 6th is increased to bring the supercharging pressure
Pcmout closer to the target supercharging pressure PTcmout.
At time tD1, a shift determination is made for performing a
downshift of the automatic transmission 12. Therefore, at
time tD1, the determination of SC3 of FIG. 10 is affirmative
and the determination of SC4 is made. Both the supercharg-
ing pressure deviation amount PGemout and the supercharg-
ing pressure temporal increase rate APcmout compared with
the determination values at SC4 are values at time tD1 (at the
time of the shift determination), for example, and the deter-
mination of SC4 is affirmative in the example of FIG. 11.

Since the determination of SC4 of FIG. 10 is affirmative at
time tD1 of FIG. 11, the execution step of the flowchart of
FIG. 10 goesto SC5 at time tD1, and the provision of the third
supercharging pressure increase progress suppression control
is started from time tD1. Time tD2 of FIG. 11 is a time of start
of'the inertia phase of the downshift and time tD3 is a time of
termination of the inertia phase, i.e., a time of termination of
the downshift.

In FIG. 11, if the third supercharging pressure increase
progress suppression control is not provided, the supercharg-
ing pressure Pcmout increases as indicated by the dashed-two
dotted line .09 of FIG. 11; however, since the provision of the
third supercharging pressure increase progress suppression
control is started from time tD1, the progress of the increase
in the supercharging pressure Pcmout is suppressed from
time tD1 until the third control provision duration time
TIMES3 elapses. For example, as indicated by the broken line
L10 of FIG. 11, the provision of the third supercharging
pressure increase progress suppression control retains the
supercharging pressure Pcmout at the amplitude of time tD1
from time tD1 to time tD3, and the third supercharging pres-
sure increase progress suppression control is terminated at
time tD3 so that the supercharging pressure Pcmout is
increased from time tD3. The third supercharging pressure
increase progress suppression control may be terminated in
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conformity with the termination of the downshift, i.e., the
supercharging pressure Pcmout may start increasing imme-
diately before time tD3.

Although the downshift of FIG. 11 is a shift of one stage,
the downshift may be a skip shift of two or more stages and,
if the downshift is the skip shift, the shift time becomes longer
as compared to the shift of one stage and, therefore, the third
control provision duration time TIME3 is set longer as com-
pared to the shift of one stage. Therefore, ifthe progress of the
supercharging pressure increase is suppressed when the
power-on downshift is performed, i.e., if the third supercharg-
ing pressure increase progress suppression control is pro-
vided, a period of suppressing the progress of the supercharg-
ing pressure increase, i.e., the third control provision duration
time TIME3, is made longer when a change width of the shift
ratio yat is larger between before and after the downshift.

This example has the following effects (C1) and (C2) in
addition to the effects (B2) and (B3) of the second example as
described above. (C1) According to this example, if the
power-on downshift is performed, the timing adjusting means
316 adjusts the temporal relative relationship between the
progress of the supercharging pressure increase in the process
of increasing the supercharging pressure Pcmout by the
supercharger 54 and the inertia phase start timing of the
downshift depending on a supercharging status of the super-
charger 54 before start of the inertia phase of the downshift. In
particular, in the adjustment of the temporal relative relation-
ship, if the supercharging status before the start of the inertia
phase is a status on the ending period side of progress of the
supercharging pressure increase, the third supercharging
pressure increase progress suppression control is provided to
suppress the progress of the supercharging pressure increase
as compared to when the adjustment is not performed. There-
fore, if the supercharging status before the start of the inertia
phase is a status on the ending period side of progress of the
supercharging pressure increase, the electronic control device
310 can provide the third supercharging pressure increase
progress suppression control to suppress a shift shock that
may occur because of overlap between torque variation of the
engine 10 due to an increase in the supercharging pressure
Pcmout and a shift operation of the automatic transmission
12. Since the downshift is not delayed for suppressing the
shift shock, deterioration in drivability can be avoided that
may occur due to a delay of the downshitt.

(C2) According to this example, the third control provision
duration time TIME3 is decided based on the running load
state at the time of the shift determination of the downshift
from the relationship (map) empirically set in advance.
Therefore, the third control provision duration time TIME3
can properly be decided with a light control load.

Although the examples of the present invention have been
described in detail with reference to the drawings, these are
merely an embodiment and the present invention can be
implemented in variously modified and improved forms
based on the knowledge of those skilled in the art.

For example, although the supercharging status determin-
ing means 104 determines whether the upshift determination
time supercharging status is the initial supercharging status
before determining whether the upshift determination time
supercharging status is the ending supercharging status in the
first example, the order of determination may be reversed.

Although SA6 and SA7 are included in the flowchart of
FIG. 4 in the first example, SA6 and SA7 may not be included
and, if the determination of SA4 is negative, the flowchart of
FIG. 4 may be terminated. Alternatively, SA4 and SA5 may
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not be included in the flowchart of FIG. 4 and, if the determi-
nation of SA3 is affirmative, the operation may go to SA6 in
the flowchart.

Although the inertia phase of the upshift is started after end
of the increase in the supercharging pressure Pcmout in the
upshift delay control in the first example, the inertia phase of
the upshift may be started before end of the increase in the
supercharging pressure Pcmout to the extent that a shift shock
is not enlarged.

Although if the progress of the supercharging pressure
increase is suppressed by providing the first supercharging
pressure increase progress suppression control, the suppres-
sion of the progress is canceled after termination of the
upshift in the first example, the suppression may be canceled
before termination of the upshift to the extent that a shift
shock s not enlarged. The same applies to the provision of the
second supercharging pressure increase progress suppression
control or the third supercharging pressure increase progress
suppression control.

Although the time charts of FIGS. 5, 6, 9, and 11 represent
examples that the automatic transmission 12 performs the
clutch-to-clutch shift in the first to third examples, it is not
essential that the shift of the automatic transmission 12 is the
clutch-to-clutch shift.

Although the vehicles 6, 206, and 306 do not include an
electric motor as a drive force source for running in the first to
third examples, the vehicles may be hybrid vehicles including
an electric motor for running.

Although the vehicles 6, 206, and 306 include the torque
converter 14 as depicted in FIG. 1 in the first to third
examples, the torque converter 14 is not essential.

Although the supercharger 54 is an exhaust turbine super-
charger in the first to third examples, the supercharger 54 may
be a mechanical type supercharger, i.e., mechanical super-
charger, rotationally driven by rotation of the output shaft 13
of the engine 10. If the supercharger 54 is a mechanical
supercharger, the exhaust bypass path 66 and the waste gate
valve 68 are not disposed, while a clutch is disposed that
selectively couples the output shaft 13 of the engine 10 and a
rotation shaft of the mechanical supercharger.

Although the determination is made on both the super-
charging pressure deviation amount PGemout and the super-
charging pressure temporal increase rate APcmout at SA4 in
FIG. 4 of the first example, the determination may be made on
only one of them. The same applies to SA6 of FIG. 4, SB4 of
FIG. 8, and SC4 of FIG. 10.

Although the determination is made from the supercharg-
ing pressure deviation amount PGemout and the supercharg-
ing pressure temporal increase rate APcmout on whether the
progress status of the supercharging pressure increase in the
increasing process of the supercharging pressure Pcmout is a
status of the initial period in the increasing process or a status
of the ending period in the increasing process in the first to
third examples, the determination may be made from another
index value such as an elapsed time from a predetermined
reference time, for example.

Although the predetermined timing of the present inven-
tion corresponds to the time of termination of the upshift in
the first to third examples, the predetermined timing is not
limited to the time of termination of the upshift and may be a
time point near the termination of the upshift and may corre-
spond to, for example, a time point shifted by a predetermined
time before or after the termination of the upshift.

A plurality of the examples described above may be imple-
mented in a mutually combined manner by setting priorities,
for example. For example, if the second and third examples
are combined with each other, the combined control opera-
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tion is as depicted in a flowchart of FIG. 12. In the case of the
flowchart depicted in FIG. 12, if the power-on downshift is
performed, the electronic control device executing the flow-
chart provides the second supercharging pressure increase
progress suppression control or the third supercharging pres-
sure increase progress suppression control to suppress the
progress of the supercharging pressure increase from before
the start of the inertial phase of the downshift. Specifically, if
the supercharging status before the start of the inertia phase is
a status on the initial period side of progress of the super-
charging pressure increase, the second supercharging pres-
sure increase progress suppression control is provided, while
if the supercharging status before the start of the inertia phase
is a status on the ending period side of progress of the super-
charging pressure increase, the third supercharging pressure
increase progress suppression control is provided. Therefore,
the electronic control device switches the contents of control
of suppressing the progress of the supercharging pressure
increase depending on a supercharging status before the start
of the inertia phase, or in other words, depending on a
progress status of the supercharging pressure increase before
the start of the inertia phase. As a result, the progress of the
supercharging pressure increase can be suppressed without
excess or shortage so as to restrain the shift shock regardless
of whether the supercharging status is a status on the initial
period side of progress or a status on the ending period side of
progress of the supercharging pressure increase.

NOMENCLATURE OF ELEMENTS

6, 206, 306: vehicle 7: vehicle drive device 10: engine 12:
automatic transmission 38: drive wheels 52, 210, 310:
electronic control device (control device) 54: super-
charger

The invention claimed is:

1. A control device of a vehicle drive device including an
engine having a supercharger and an automatic transmission
outputting power of the engine to drive wheels

when an upshift of the automatic transmission is performed

by executing an acceleration operation, if a progress
status of a supercharging pressure increase in a super-
charger pressure increasing process by the supercharger
is a status in an initial period of the increasing process, a
supercharging pressure increase degree before start of
an inertia phase of the upshift being made smaller than a
supercharging pressure increase degree after a predeter-
mined timing subsequent to the start of the inertia phase,
while if the progress status of the supercharging pressure
increase is a status in an ending period of the increasing
process, the supercharging pressure increase degree

5

15

20

25

30

40

45

32

before the start of the inertia phase being made larger
than the supercharging pressure increase degree after the
predetermined timing.
2. The control device of a vehicle drive device of claim 1,
wherein
if the progress status of the supercharging pressure
increase is a status in the ending period of the increasing
process, the inertia phase of the upshift is started after
end of the supercharging pressure increase.
3. The control device of a vehicle drive device of claim 1,
wherein
the predetermined timing is a time of termination of the
upshift, wherein
if the progress status of the supercharging pressure
increase is a status in the initial period of the increasing
process, the supercharging pressure increase degree
before the predetermined timing is made smaller than
the supercharging pressure increase degree after the pre-
determined timing.
4. The control device of a vehicle drive device of claim 1,
wherein
the supercharging pressure is increased toward a pre-
defined supercharging pressure target value, and
wherein
a case when the progress status of the supercharging pres-
sure increase is a status in the initial period of the
increasing process, is a case when a deviation amount of
the supercharging pressure from the supercharging pres-
sure target value is larger while the supercharging pres-
sure increase degree is smaller, as compared to when the
progress status of the supercharging pressure increase is
a status in the ending period of the increasing process.
5. The control device of a vehicle drive device of claim 1,
wherein
when a downshift of the automatic transmission is per-
formed by executing the acceleration operation,
progress of the supercharging pressure increase is sup-
pressed from before start of an inertia phase of the down-
shift, and wherein
contents of control of suppressing the progress of the
supercharging pressure increase are switched depending
on a progress status of a supercharging pressure increase
before the start of the inertia phase.
6. The control device of a vehicle drive device of claim 5,
wherein
when a downshift of the automatic transmission is per-
formed by executing the acceleration operation, and
progress of the supercharging pressure increase is sup-
pressed, suppression of the progress is cancelled after
termination of the downshift.
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